restores the wild phenotype. This mutant strain appears to possess a plastocvanin that is less stable than that of the wild-type strain.
The observations with the mtutant strains are disciussed in terms of the sequience of electron transport System TI -T cytochrome 5.53 -* plastocyanin -s System I.
\NVhole cells of certain muitant strains of Calivadomionas 1reinthardi are uinable to fix carbon dioxide at the wild-type rate (16) , ain(l their chloroplast fragments are inactive in the photoredulctioin of NADP when the souirce of electrons is from water (5, 15) . In addition, certain of the light-induiced absorbance changes characteristic of the wild-type strain are absent in the muitant strains (14) .
In a brief report ( 5 ) we (lescribed 2 muitant strains in which the contenit of either cvtochrome 5i53 or plastocyanin was affectedl. The puirpose of this paper is to dlescril)e the properties of these muttant strains inl detail and to providle a(l(litional evidence (14) NADP photoreduction and for the measutrement of light-induced absorbance changes were prepared by uiltrasonic disruption of the cells as previously described (14) except they were not washed. For certain experiments, however, chloroplast fragments were prepared from cells disrupted by grinding in sand (5). Assay Conditions. Chlorophyll was determined by a modification (1) of the procedture of Mackinney (17) . The photoreduction of NADP and of DPIP was measured in a Cary model 14 recording spectrophotometer using the method described by Smillie (18) . Light-induced absorbance changes were detected by the method previouisly described (14) .
Carbon dioxide fixation by whole cells was measuired as the tuptake of acid by the uise of a Radiometer titrimeter with a Radiometer TTA31 titration assembly.
Quantitative Determiiination of Cvtochromle 553 and Plastocyanin. The plastocyanin content was determined in extracts that had been carried throuigh step 1 of the puirification procedure (6) , and the cytochrome content was determined in cells that had been either extracted with 80 % aqueous acetone (6, 7) or on preparations that had been carried throuigh step 1 of the purification proceduire (6) .
Results
The Plastocyanin and Cytochrote 553 of the Mlutant Strains. The plastocyanin of the wild-type and the mutant strains as determined after purification through step 1 (6) is shown in (6) . Reduction was with sodium ascorbate and oxidation was with potassium ferricyanide. The 0 to 0.1 slide + ire of the spectrophotometer was used.
I'LANT PHYSIOLOGY fie(d plastocyanin from ac-2o6, shown in figuire 1, were nearly identical with the correspon(ding spectra for the wild-type strain (6 The reduced-minus-oxidized difference spectra of aliquots of the same, acetone-extracted, preparation shown in figure 3 but after washing with buffer to remove the so!uble proteins. The spectra were recorded under the same conditions as described in figure 3. The cells were suspended in 2 ml of 0.0025 M KHCO3
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in the titration vessel of a Radiometer titrimeter. The chlorophyll concentration was 50 ug/ml. The temperature was controlled at 250 and saturating light intensity (30,000 lux) was provided by a projection lamp having a filter to cut out light of wavelengths less than 560 nm.
The filter was necessary to protect the glass electrode which was sensitive to b'ue light. The titrimeter was set to maintain a constant pH of 7.5 in the reaction vessel and to record thle amount of 0.01 mr HCI added in order to maintain a constant pH. A s!cw loss of CO., was observed in the dark, and the rate of photosynthetic carbon dioxide fixation was calculated as the li-ht-minusdark differencc in the rate of CO., disappearance. For NADP-a the reaction mixture (2.0 ml) contained chloroplast fragments (20-25 ,g chlorophyll) anid the following in ,umoles: potassium phosphate buffer, pH 7.0, 20; KCI, 40; MgCI9, 5; ferredoxin purified from wildtype C. reinhardi, 0.005; and NADP, 0.5. For NADP-b the reaction mixture contained, in addition to the above, the follow-ing in jumoles: DPIP, 0.1; sodium ascorbate, 10; and DCMU, 0.02. The reaction was run in a cuvette placed in the sample compartment of the spectrophotometer. The cuvette in the reference compartment contained a control reaction mixture from which ferredoxin and NADP were omitted.
For the photoreduction of DPIP, the reaction mixture (2.0 ml) contained chloroplast fragments (20, g chlorophyll) and the following in umoles: potassium phosphate buffer, pH 7.0, 20; KC!, 40; MgCl.,, 5; and DPIP, 0.1. The DPIP was omitted from the control reactioni mix- Ftull restoration requiired a plastocyanin concentration equivalent to 0.007 ,ug atoms copper per ml. The light-induiced absorbance changes exhibited by chloroplast fragments of ac-208 have already been described (14) . It was foutnd that cytochrome 559 and cytochrome 553 were reduced by red light but that they were not oxidized by far-red light. reversed when the preparation of chloroplast fragments containing added plastocyanin was washed with buffer.
Katoh and Takamiya (9) reported a restoration effect by plastocyanin similar to that described here. They observed that prolonged ultrasonic treatment of Birassica chloroplasts caused a loss of the NADP-a and NADP-b activities and that these activities were restored upon the addition of plastocyanin.
The results described here for the suppressed strain of ac-208 are informative though they present a somewhat more complicated situation than the tunsuippressed ac-208. Cells of ac-208 (stup.) carried ouit normal photosynthesis at a rate 50 Cells of ac-206 contained no detectable cytochrome 553 in either the soluble or insoluble form.
Since the cytochrome in both forms was readily detected in wild type and in the other mutant strains used here, it can be concluded that the inability of cells of ac-206 to carry ouit normal photosynthesis was the result of either the lack of cytochrome 553 or the synthesis of the cytochrome in some inactive form. The simulltaneous absence of both the soluble and insoluble forms of cytochrome 553 from cells of ac-206 provided evidence that these 2 forms represent the same cytochrome. Since the cells of ac-206 contained the mitochondrial-typC cytochrome c, it was evident that the loss of cytochrome 553 was specific and did not extend to other c-type cytochromes.
The attempt to restore the photosynthetic activity of chloroplast fragments of ac-206 by addition of cytochrome 553 from wild type failed, but the failure probably means that the site of action of the cytochrome in the chloroplast fragments was not accessible to the soluble cytochrome from the external medium.
The sequence of function of cytochrome f (or cytochrome 553) and plastocyanin in the photosynthetic electron transport chain has been the subject of mtuch interest recently. Both cytochrome f and plastocyanin have been observed to be oxidized by system I and reduced by system II, indicating that they act in the chain between the 2 photochemical systems (3, 13) . However, these observations did not permit a definitive conclusion regarding the position of these 2 components in the photosynthetic electron transport chain. It has been proposed (11, 12) 
